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The Lurcher Mutant of d2 Ionotropic Glutamate Receptor is Regulated by
Phosphoinositides
Vasileios I. Petrou, Diomedes E. Logothetis.
The d2 glutamate receptor (GluD2) is an orphan glutamate-like receptor, since
no specific ligand capable of activating it has been identified. Nevertheless, it is
increasingly appreciated that GluD2 is an important part of the physiology of
the cerebellum. It is highly expressed in the parallel fiber-Purkinje cell (PF-
PC synapse) and it has been linked to presynaptic terminal differentiation
and the induction of long-term depression (LTD). Although, the wild-type re-
ceptor is non-conductive, a mutation in the third transmembrane domain
(A654T), named lurcher (GluD2Lc), exhibits constitutive activity. Motivated
by our previous work showing that NMDA receptor activity was dependent
on phosphoinositides (PIPs) indirectly through the PIP2-sensitive and NMDA
receptor-associated protein a-actinin, we asked whether GluD2 behavior was
also dependent on PIPs and used GluD2Lc as our model to address this question.
Our results in X. laevis oocytes have shown that GluD2Lc currents were poten-
tiated upon activation of Gq-coupled receptors (M1R and mGluR1). Pretreat-
ment with the PI4K inhibitor phenylarsine oxide (PAO) led to potentiated
GluD2Lc currents as well. Moreover, pretreatment with the PI3K inhibitors
wortmannin (at low mM concentrations) and LY294002 inhibited the GluD2Lc
current. GluD2Lc co-expression with PIP5K or PI3K yielded consistent results
with PIP5K inhibiting, while PI3K stimulating activity. These results are con-
sistent with a dependence of GluD2Lc activity on PIPs.
In order to distinguish between direct versus indirect phosphoinositide effects
on GluD2 we are pursuing two strategies: 1) we are testing effects of PIPs on
the activity of GluD2Lc in inside-out macropatches, and 2) we utilize site-di-
rected mutagenesis to probe for critical residues in the proximal C-terminus
that alter GluD2Lc dependence on PIPs. The proximal C-terminus could be re-
sponsible for direct interactions with phosphoinositides but could also couple to
PIPs indirectly through PIP-sensitive proteins that interact with GluD2.1461-Pos Board B371
Functional Effects of Cornichon Proteins on Homomeric Glua1 AMPAR
Single-Channels
Christopher Shelley, Massimiliano Renzi, Marzieh Zonouzi, Ian Coombs,
David Soto, Mark Farrant, Stuart G. Cull-Candy.
Fast excitatory synaptic transmission in the brain is mediated mainly by AMPA
receptors (AMPARs). AMPAR subunits associate with auxiliary transmem-
brane AMPAR regulatory proteins (TARPs) that have well established roles
in modulating AMPAR trafficking, kinetics, and pharmacology. It has recently
been proposed that the trafficking and kinetics of native AMPARs are also
modulated by members of the cornichon family of proteins (Schwenk et al,
2009). There is also recent evidence that cornichons act only as intracellular
trafficking chaperones for AMPARs in neurons (Shi et al, 2010). To determine
the influence of cornichons on AMPAR single-channel properties we co-ex-
pressed GluA1 and cornichon 3 (CNIH3) in tsA201 cells and examined AM-
PARs in outside-out patches. The weighted mean single-channel conductance
was increased in a dose-dependent manner when increasing amounts of
CNIH3 cDNA were included in the transfection mix. Up to three open channel
conductance levels were detected, with the lower conductance levels being
more prevalent in cells with a low CNIH3/GluA1 cDNA ratio, and higher level
conductance levels predominating in cells with a high CNIH3/ GluA1 cDNA
ratio. CNIH3 also increased the burst duration of GluA1 single-channels.
Fast application of glutamate onto excised patches indicated that CNIH3
slowed the rate of desensitization. As our data indicated that AMPAR channel
properties were markedly altered by cornichons, we considered whether these
proteins were expressed at the surface of cells where such modulation may be
functionally important. Positive cell surface labeling of cornichons was not
seen in neurons (see also Shi et al. 2010) but was detected in glial cells which
express AMPARs. Supported by the Wellcome Trust.
Schwenk, J. et al. (2009). Science, 323, 1313-9.
Shi, Y., et al. (2010). Proc Natl Acad Sci USA, 107, 16315-9.1462-Pos Board B372
Channel-Opening Kinetic Mechanism for Human Wild-Type Gluk2 and
the M867i Mutant Kainate Receptor
Yan Han, Congzhou Wang, Jae Seon Park, Li Niu.
GluK2 is a kainate receptor subunit that is alternatively spliced at the C-termi-
nus. Previous studies implicated GluK2 in autism. In particular, the methio-nine-to-isoleucine replacement at amino acid residue 867 (M867I) that can
only occur in the longest isoform of the human GluK2 (hGluK2), as the au-
tism mutation, is thought to cause gain-of-function. However, the kinetic
properties of the wild-type hGluK2 and the functional consequence of this
gain-of-function mutation at the molecular level are not well understood.
To investigate whether this mutation affects the channel properties of the hu-
man GluK2 kainate receptor, we have systematically characterized the rate
and the equilibrium constants pertinent to channel opening and channel de-
sensitization for this mutant and the wild-type hGluK2 receptor, along with
the wild-type rat GluK2 (rGluK2) kainate receptor as the control. Our results
show that the M867I mutation does not affect either the rate or the equilib-
rium constants of the channel opening but does slow down the channel de-
sensitization rate by ~1.6-fold at saturating glutamate concentrations. It is
possible that a consequence of this mutation on the desensitization rate is
linked to facilitating the receptor trafficking and membrane expression, given
the close proximity of M867 to the forward trafficking motif in the C-termi-
nus. Our results also show that the human GluK2 has a ~3-fold smaller chan-
nel-opening rate constant but an identical channel-closing rate constant, thus
lowering the channel-opening probability to 0.85 as compared to 0.96 for
rGluK2. Furthermore, the intrinsic equilibrium dissociation constant K1for
hGluK2 is ~2-fold lower than rGluK2. Our results therefore suggest
that hGluK2 is relatively a slowly activating channel but more sensitive to
glutamate, as compared to the rat ortholog, despite the fact that the human
and rat forms share 99% sequence homology.1463-Pos Board B373
The Hidden Energetics of Ligand-Binding and Activation in a Glutamate
Receptor
Albert Y. Lau, Lydia Blachowicz, Benoit Roux.
Ionotropic glutamate receptors (iGluRs) are ligand-gated ion channels that me-
diate the majority of excitatory synaptic transmission in the central nervous sys-
tem. The free energy of neurotransmitter-binding to the ligand-binding
domains (LBDs) of iGluRs is converted into useful work to induce conforma-
tional changes that cause receptor activation. Here, the energetic contributions
are dissected into thehidden’’ components associated with ligand-docking and
ligand-induced LBD closure. The relevant thermodynamic contributions have
been computed for nine ligands of GluA2 using all-atom molecular dynamics
free energy simulations with explicit solvent. The results are compared with ex-
perimentally measured apparent affinities to the isolated LBD. An analysis of
accessible LBD conformations transposed into the context of an intact
GluA2 receptor reveals that the relative displacement of specific diagonal sub-
units in the tetrameric structure may play a key role in the action of partial ag-
onists. Our X-ray crystal structure of a crosslink-stabilized LBD assembly
shows that these diagonal subunits can be covalently linked without disrupting
the fold of the LBDs.1464-Pos Board B374
Conformational Changes in the Extracellular Domain on Glutamate Re-
ceptors
Anu Rambhadran.
NMDA receptors are unique among the different subtypes of the ionotropic
glutamate receptors since they require two agonists, glycine and glutamate, to
bind to the receptor for the channel to open. They are heteromeric receptors
composed of glycine binding subunits, such as NR1 and glutamate binding
subunits, such as NR2, with the NR1 and NR2 subunits forming a dimer
of dimers. The crystal structures of the closely related glutamate activated
AMPA receptor suggest a correlation between the extent of cleft closure in
this domain and activation (efficacy of the agonist) of the receptor. Such a se-
ries of agonist bound structures are not available for the glutamate binding
NR2 subunit. Using luminescence resonance energy transfer (LRET), we
have measured the distances between N-terminus present in domain 1 and
different residues on domain 2 in the glutamate binding NR2 subunit using
a wide range of agonists with varying efficacies. The results from the
LRET investigations have revealed that glutamate binding NR2 subunits ex-
hibit a similar graded cleft closure as observed in glutamate binding AMPA
receptors, and this conformational change is the primary control for receptor
activation. In addition we have used single molecule fluorescence resonance
energy transfer (smFRET) to establish the conformational changes in the ex-
tracellular agonist binding domain of AMPA receptors. The results illustrate
that activation is dependent not on a rigid closed cleft, but instead on the
probability that a given subunit will occupy a closed cleft conformation,
which in turn is not only determined by the lowest energy state but by the
range of states that the protein explores.
